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(U) FOREWORD

() The screening investigations of the two bacterial species described
in this report wers performed under Special BW Operations Project 4-C4-l4-
004. From 1952 to 1384 invastigations were concarned principally with
Actincbacillus mallei (Mallaomyces aailer). In July 1953, virulent strains
of Pseudomonas pssudomaiial (Mailsomyces pseudomalle:i) beczme available,
and the investigation of A. mallai was gradually phased cut. After a period
of inactivity covering most of 1955 and 1956 becauss of higher priority
given other tasks and lack of technical psrsonnel, work was resumed on P.
pssudomallei.

(0) Appreciation is expressed to menbers of Technical Evaluation Divi-
sion who assessed the aerosol preperties of several agent preparations,

(U) In addition to the authors personnel participating at various times
in the investigations include: George W. Schmersahl, John Thiel, John L,
Bradshaw, Williaa €. Wheelsr, Williaa S. Woodrow, Ralph J. Groomas, Harold
L. Baisr, PFC Seymour S. Shankman, Lt. Carl Bruch, CmlC, CSA, and Lt. C»ol.
J. R. MacNames, VC, USA. The contributions of these sersons are gratefully
acknowiedged. Appreciation also is expressed to Mr. James A. Kime for
tochnical review and assistance in preparing this report.
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(0) ABSTRACT

»

Nt

(0)“Actinobacillus (Mallsomyces) mnallsi and Pssudomonas (Mallecmyces)
pseudomalisi wers investigated for ‘heir potential as biological warfare
agents, Tra preliminary studiss described cover a3 rangs of topics includ-
ing culture procedures, aniaal virulsnce, aero:ol stability and infectivity,
storzge stabiiity, and therapy of experinental mfecnons.'\
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(C) DInEST

(C) Several strains of Actinobacillus mallei and Pseudomonas psaudo-
mallei were collacted and screened with respect to virulence for laboratory
aninals. One virulent strain of eack species was selected for a genaral
study that included methods of culturs, aerosol stability, siorsze stahelxty,
drying atability, and host susceptibility. Data reportsed proviiz a dasis
for predicting the potential value of these agents for special operations.

(C) Virulent strains of A. mallei apparently have a high “eyres of' bic~
logical sffactiveness against man. High concontrations of the organism may
ba producud in cimple aerated mn~dium but research on *“iq agent was discone
tinued because of the poor storage stability and the gradual or abrupt

decrease in virilencs.

(T) Although human infections with P. gsaudomtllci have deer !ofrequently
roportad, those cases clinically recognized usually have been fatal. Pre-

liminary clinical and laboratory data indicats that the newer "hroad spec-
trua® antidiotics may reducs the mortality rate considarably.

(C} P. pseudomallsi zay be produced in high concentrations by using

simpls medium and facilitiss for asrating cultures. Fresh suspensions
possets adequats aerosol stability, marked infectivity for susceptible
salmals, and storage stability which compare favorably with that of other
vegetative bactaria studisd at BW Labs. Agent suspensiocns zay be dried
30 that temporary loss of virulence is avolded.

{C) To datermine with greatsr reliability the diseass-produzing poten-
t:al of P. pseudomallsi in man, this agent should be assessed by research
methods That allow an indirect correlation of laboratory aninal infectivity
and lathality with those observed in human populations.
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[. (C) INTRODUCTION

{U) The inportance of ‘ctinobacillus nallei (Malleomycss mallei) and
Psculomonas pseudomallei ‘Halleonmycos psaudomallel) as causative mgents of
two lethal diseases in both anizals and nan has besn recognizad for meny
years. (iherefore, the selection of thcse two bacterial speciss for screcas
ing as potential biological warfars agents appears logical.

(C) The first concerted study »f these organismae at Fort Datrick was
nade by Miller et al during 1944 and 1945; the findings are recorded in
Special Report 53.1%” The lavoradbls rseults stimulated interest, and
research was initiated on these bacterial specles for special BW opera-
tions. The investigations were carried ocut in accordance with a ressarch
guide forzulated for screening, adapting, and/or davelcping thess organisas
to .:eet cperational requirements,

{U) Becruse of the high aninal infectivity and human =mortality rates
reported for both spescics of bacteria, all work with the living organisms
was perforaed with the Class III cabinats in the laboratory section of

Building 458,

2 See Literature Cited.
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II. (U} ACTINOBACILLUS MALLEL AND GIANDERS

A. (L) DISEASE HISTORY

(U) Glanders has bewn known since antiquity, primarily as a natural
disease of equine animals. In horses and asses involvement of the super-
ficial lymphatics gives rise to & condition known as "farcy" in which the
swollen lymph vessels and glands are discermible beneath the skin as "farcy
pipss” and "farcy buds." In thosae lcuta or chronic cases involving the
lungs, ths term "glanders"® is Applied._/

(U) Other znimals that occasionally become infected with A, =allai
include guinea pigs, cats, dogs, ferrets, molas, fisld mice, goats, sheep,
hogs, and rabbits. Man appears to havs been an incidental host in spits
of the fact that the organism has exhidited a marked ccntagiousnsss amony
horses. Mocst cases of human disease spparently resulted from direct con-
tact with quected aninals, although man-to~man tranamission has besn
docusented.’/ This organisa, 115 Pastevrslla tularsnsis, ls very infsc-
tious for man. KWilson and Yiles~/ wers most empna®iz about Infectivity:
*Indeed probably nc organism with {hz posaiblo exception of Br, tularensis
is so dangarous to work with as the glanders dacillus.” —-

8, (U) INCIDENCE OF THE DISEZASE

(C) The disease was fairly widespread in equine animals on ths Eurcpaan
continent, in Great Britain, and in North Amsrica prior to tha turn of the
century. It has also teen found in Asia and Africa., The recognition of the
contagiocusness of the diseass and the specific causative agsent rssulted in
the Lmposition of certain praventive measurss2’/ which have had anch to do
wvith its suppression or low incidence in zmos: countriss for many years. The
replacament of tho squins bdeasts of burden with machanizad equipment in many
areas of ths world will undoubtadly tand to aaintain a low incllance »f the
disease in the futurs.

C. (U) DISEASE IN MWN

{C) The ovar-all =mortality rats of §ganders as it was formerly notad ta
zan was quite high, 50 to¢ 100 per cent.2’

2 In this report tha word "glandsrs™ will apply to all manifestat:ons of
infactior with Actinobacillus aalle:,
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() Two distinct clinical foras have been recogrnized, acute and chroaic,
Acute glandars has a sudden onset and may appear as a bronchopneumonia or
lobar pneumcnis followed by davelcpment of pyemia with the production of
characteristic abscesses in many organs including lymph nodes, liver, lungs,
and spleen, Involvement of the upper respiratory tract in aan may result
in a purulent, infertious nasal dischargs similar to that seen in other
susceptiblie anjxzals. Suppurative skin leslons are alsc frequently notad,
Before thes adven? of the sulfoammides, death would alzost always result
within seven to ten days after disease onset.2/ Chronic zmanifestatio-s
of the drsease have been known tu persist for years with the appearanca
of granulomatous or juppurative skin and joint lesions.d. 4

(0) Because ¢ tha protean =anifestaticns of ths dissase and its resea-
blance to a varisty of meors commonly noted afflictions of aman, the corrsct
diagnosis has oftan been missed until the patient has sither becoms a poten-
tial sourca of {nfection or has diad., Exudates, excrstions, and the biscd
may contain glandars bacilll capable of re-establishing i1nfection in cecn~
tacts., Ths most closely related disease is melioidosis (discussed later)
in which the pathological picture is y:ite similar and the causative organ-
132 cannot be readily diffsrentiatad without extensive and carefully con-
trolled bacteriological teasts.

() The fundamental factors on which the destructive influeacaes of this
organism depend :wside in its notorious ability to parasitize the host with
the production of a typical tisy'e ascrosis and general toxemia. The well-
developed lasions found ia varisc.s -rgans asually exhibit a charactaristic
casecus necrosis which in some respects reseables that resulting frem tuber-
culosis. Tha pathology of the huxan dissase 1s wall descrided by Bernstain
and Carling.f/p

(C) The incubatton period of glandars ranges frcm a few hours to ssveral
weeks.:/ In those cases result:ing from laboratory accidents at Fort Detrick
during World War 1I the period varied from 10 to 14 days.l;3/ "These lnfec-
tions probebly resulted from inhalation of a small number of organisms.

D. {U) ROUTES OF INFECTION

(C) The most frequsnt avenus of infect:icz postulatad for human glanders
na3 teen the alimentary routa. Although tais =2ay have been true in zany
1nstancss, data presentad in this and other reports suggest that man, aa
well a3 the lower aainals, nay resdily acquirs the disease by inhaling 2ir-
Sormae particlas or droplats containing the Sacilli, There is also evidence
that the dissase aay be induced cy dacteris from contamirated fomites which
enter the body through cuts or Abr\siona.g7
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E. {0) PROPHYLAXIS

(T) Ne satisfactory prophylactic or Lrmunological procedurs has been
devised to protect sgainst glanders in =man, The following vaccines have
been reported insffective in preventing relnfaction In the horse: (a}
living bacilli in =irzute dosea, (H) killed organisms, and () =zallein
(spant culturs ccncentrate) .2/

F. (U) TREATMENT

(U) Befora *he advent of the sulfonamidas and ancibiotics there was no
specific trealnsnt kzom for this disease. The six cases that occurrad at
Fort Detrick durizg World War II wers successfully treatsd vith sulfadia-
zins.1:S Ruports =manating frem the Defence Roessarch Kingston Laboratorias
of Canada8/ indicats that sulfadiazine is also sffsctive in preveating
death {n hamsters erxposad tc an otnerwise lethal nuaber of orga=iams as an
asrosol. Many of the antibiotics have not been triad clinlcally against
glanders because =t its rarity la »ost countriss. Bacause of the iz vitro
susceptibility sf glandsrs dacilli to various antidiotics, hovever, (v
infra) thsra 1s reason to believe that thsy xlso could be exployed suc-

cessfully in therspy.

G. () CAUSATIVE ORGANISM

19) the Jtcturiaa causing g.anders was ['irst isolatad in 1382 by
Loef'fler and Schutx, sccording to Wilson and Miles,2/ by cultivmting
matsrial from a horse dying from the acute dissass. Actincbac:llus
mallel {3 a Gram-negztive, non-motila rod measuring approxizataely
alcron %o 3.0 microms. When stained with aniline dyes it has a notice-
abls bipolar appearance, Sudan Black R 2ay be used to demcnstrats the
prssence of numercas iatracellular fat droplets that may account 1n part
for the irregular staining noted with use of other techniquss.

(U) A, mallai :3 classified as an aerobe, and growth is narksdly
anrensea by asrat:ion of liguid culturses by shaking or sparg:=zg. Tha
characvtsristics of colonies on solid media vary consxdarablg, depending

on the sirain and the nsddum on which it 1s growing., For exa=zpls, on
blood cystsine agar, colonles aay have & pronounced greyv color, but on
the routinely used Seef axtract medium cantaining glycerol or serditol,
they oftan have a yellowish color which variss in inteasity with the
strain and the ags of the culture. Colcnies of nmany strains lemcnstrate
& tsndency to wrinkZs after aging for a faw days. Several sugars and
highar alcohols are used with resultant Jommation of acid without gas.
Glycerol ard sorbizul both snhance growia.
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11, (C) EXPERIMENTAL STUDIES ON ACTINOBACILLUS MM LE!

A. (U) HISTORY OF A, MALLE! STRAINS

() Nineteen cultures of A, mallet were procured from various sources
{Table [). The first six strains (C6 through C7) listed wara obtatned 1n
Septemder 1931 froam br. Carl R, Hrewer of the former Basic Sciences Divi-
sion, Fort Detrick, Five of these strains wern sasples that had been
lyophilized in normal animal serum in 1345 by personnsl of the Miller
ressarch team of the former B Division.l/ Viable C7 strain cells could
not te recovared from the growth on the single ayar slant availaple, All
81X strains had heen held at refrigerator temperature throughout the inter-
vening years. Lyophilized culturss of strains 3709, 120-A, 7384, 3708, and
873 ware raceived from Dr. G. B. Reed of the Dafence Kingston Laboratorias
of Canada {n Fabruary 1932. No history accompanied these strains, but it
was assumad that the one Je<ignated 3873 was identical with the C7 strain,
because ¥M1llerl/ indicated that the latter was originally 3873 obta:ned
from the U.S. \rmy Veterinary School. A subculture of 3373, des:ignated
3473-18, was obtained from Dr. Reed in November 1952. This strain had
bean 1solated as a sinygle colony after passayge in animals. Growth occurred
in all cultures except 3709.

(C) Strawns v, VII, VII{, and [X wers recetved tn 1952 from Dr. Francis
8. Gordon ouf the formaer MV Division, Fort Detrick, vho had recaivad them
from Captain T. Tulgo of the Turkish Army Vaterinary Laboratory at Ankara,
turkey. These cultures had been 1solated from human cases of glanders and
vere reported to ba "suitable for the preparation of compleasnt fixation
antizens but not f{or agylutination teats.®™ Some cullures gave rather strik-
ing and peculiar colonial forms on beel extract glycerol agar, including
vivid yellow to amber color, zucoil consistency, and a marked tendency

toward wrinkling.

(T) A pariod of approximately one year was spert in preliminary scroen-
ing studies of these strains, FEach one was cultured, passed a number of
timas through guinea p:gs and hamsters, and the MLD or LD3g determined,
Preliminary studies on resistance to Jdrying, aerosol stability, and ant:-
biotic therapy were also conducted.

(L) Because 3873-18 proved to be the only cons:istently virulent strain,
it was selected for more detairled studies. The aopearance of four-day-old
¢olonies is shown in Figure 1. Unlike many of the other strains i1t did not
produce rough or distlnctly yellow cclonies on be2f uxtract glycsrol agar.

{(C) Strains AM-4, AM-3, and AM-~C were obtained from Col M. B, Starnes

of the Walter Reed Aray Institute of Research, Washington, D. C. in 1857.
No studies have been conducted with these three atrains.
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Figure 1. (U) Four-Day-01d Colonias of 3873-18.
(FD Neg C-2353)
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B. (C) CCLTIURE PROCEDURES

(V) The liquld culture medium successfully employed for the growth of
A. mallei by Killerl/ and other {nvastigators had the [ollowing cumposition:

Beef Extract 0.3 ps~ cent
Bacto Peptons 1.0 per cant
NaCl 0.5 per cent
Clycercl 4.0 per cant
pil adjusted te 8.8

This medium of beaf extract glycerol (BEG) was adoptsd without ex*ensivs
preliminary investigation on the basis of the high bacterial counts
recordad, The additici of 1.5 per cent agar to the buef sxtract broth
srovided a solid mcdium frr surface growth and colony counts, A tempera-
turs cf 37°C was found opt.mum for ircubation. Aeration by Agitation on

a rmciprocating shaker for 48 hours gavs bacierial counts of 1 to 2 x 1010,
compared with ccunts of approxinately 1 x 10% in stationary [lask cultures.
Agltation at constant temperaturs was accomplished in a watsr bath (Flgures
2 ard 3) nountsd on a labaratory-type rsciprocating shaker, Diffarent sizes
of Erlenmeyer {lascs filled with liquid nedium to 10 to 40 per cent of their
capacities wers used for 100 milliliters or lass of culture. A special,
iow-fora flask (Corning No. 4444) of 2000-milliliters capacity was ... for
volumes of 10CO to 1500 milliliters.

(C) Fifteen litscrs of culture were produced in {ive-gallon carboyy in
the following =manner: Beef extract glyce-ol broth containing Dow-Coming
Antifoam A was starilized and coolsd to 37°C, The madium was inoculated
with a 24~ or 48-hour broth culture in an amount equal tc five to ten per
cent of the volume of the medium, The inoculatsd medium was aerated during
incubation with aquipment pictursd in Figure §, with air supplied through
an orifice at the rate of one-half litsr per litor of culture per ainute,
Flitered, compressed air was introduced or filtered air was drawn into the
growth vessel by applying negative pressurs to the affluent air line, Maxi-
mim viable cell counts wera obtained aftar 48 hours! incubation at 37°C,
The resulting culturs was very turdbid and somewhat yellowlsh. The culturse
suspansion was forcad through sterile rudber tubing to a Sharplas supercen-
trifuge and cincentrated to a paste. Eighty to 120 grams of :acked cells,
containing 1011 to 1012 viable cells per gram, wers usually obtained from
135 liters of culture.

(C) Concentrated cells of A. mallel were also obtainad by inoculating
BFC agar plates sach with two-tenths milliliter of a liquid culture con-
tainin’ about 1 x 1010 viable cells per ailltliter. After the platss had
incubated for 48 hours at 37°C, tha growth was scraped from the surface
of the plats with a glass rake. Approximately eight milligrams of cells
ware obtained from each squars caentimeter of mediun surface.
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Figure 2. (U) Lucite Watar-Bath Attachment for Reciprocating
Shaker with 2000-M1 Culturs Flask,
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{0) In latar studies, sorbitol was a satisfactory substitute for
glycerol in the BEG '1edium. Optlmum growt. was obtainad when two per cent
(weight per volume) of crystalline d-sorbito.® was used in beef sxtract
medium, Two other commercial sorbitol products gave unsatisfactory growth.

(U) The method for determining the viable cell count cf A. zallsi
cultures was identical to that used by Millar (t al,l/ which has been
successfully applisd t many other bactarial specles at Fort Detrick.
Ordinarily, tenfold di utions of the suspension to be counted wers zade
in distilled water blanks and those higher dilutions astinated to contain
countable numbers of cells In one-tenth millilltsr wsre used for sceding
BEGA plates. One-tenth milliliter of the appropriats dilution was strsaksd
over ths surface of each of three agar plates with spreadsrs. Colonias of
203t strains could be counted convenlently after 48 hours' lacubation at
37°C, although the mors rapidly growing strains wers sometimes ready for
enumeration after 24 hours. All plates having less than 300 coloniss wvers
counted and the resulting figures were applied on a "weightad” basis*® {n
calculating tha averags number of living cells per milliliter. Several
comacnly usad diluting solutions wers tested for treir sultability in the
quantitation procedure, but :one offersd any apparent advantags over dis-

tilled water.

C. (C) INFECTIVITY AND VIRULENCE STUDIES

(C) Shortly after receipt by SO Division, several colonies from each
of the striins of A. mallei 1isted in Trbls II veraspickod and {ndividually
grown {n BEG Sroth, Quantitiss of approximatsly 10% cells were injectad
intraperitonaally into male guinea piga. Cultures of some strains killad
the injected aninals but others producad only chronic infactioans which
wars svidencad 3ush later by healsd lesions at the sita of injection and/
or aicroscoplc svidence of spididymitis. Nons of the surviving animals
developed & positive reaction to undiluted aallein when tested up to 40
days after infection.

(U) It soon became spparent that the guinea pig could not be relied
upon as A test animal decause responss varied widely from tast to test.
The Strauss reaction was obtuined infrequently and only in those aninzals
in which a sudacute or chronic disease was producad {Figures 5, 6 and 7).
Canadian workers also reported unsatisfactory experience with the guinea

pig.t

® bramned from Atlas Powder Company, Wilmington, Delawars.
** The higher dilutions figured less proaminently in deriving the averags
counts.
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TABLE Il., (U) EFFECT OF ANIMAL PASSAGE ON THE VIRULENCE OF
VARIOUS ACTINOBACILLUS MALLET STRAINS

INITIAL IPLDsgy, 108 cells FINAL iPLDsd/, 108 calls

STRAIN

Guinea Pig Hamster Guinea Pig Hanstar
P 4.3 1.0 1.0
(o} 1.0 1.0 1.0
cs 1.0 1.0 1.0
C4 1.0 1.0 1.0
¢3 1.0 1.6 1.0
3708 5.2 1.5 3.0
7384 12.0 0.01
v 1.5 1.5 9.0
¥II 1.§ 5.3
Vil 1.3
Ix 1.5 1.0

4. After repeated passage in the two aninmals.

{U) The availability of hamstors shortly after this work was started
provided a nore uniformly susceptidls and roliable test animal, The ava.l-
abls strains were ihersfcre passed in these animals several times by intra-
peritoneal injection followed by a virulence titration. For exampls, a
smooth colony type of strain C-3 was carried through seven guinea piy pass-
ages {largs nuabers of organiams ware necessary) and then through 13 haaster
passajea, The LDgy obtained in ths subsequent virulsnce titrations in ham-
sters wvas still 108 viadbla bacteria. Sim:lar results were noted {or colontes
of each of the other strains. A3 indicated in Table II, repeated animal
passage witnout subculturing on media dirl not echance virulence for eyther
guinea pigs or hamsters. This was true of 1l colony types studied. In
addition, aerosol challenge was usually not significantly effective tn pro-
ducing nfection or death in hamsters and guinca pigs.

{U) Strain 3873-18 nad 3 very h:igh degree of virulence for the rarster.
Previous investigaters reported that ths minwnal intraper:itoneal lethal
doss of the lyophilired sasmle for haansters wxas one to ten organisms; the
respiratory dose was less than 20, These data ware approximated and
repeatedly obtained in many trials,
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figure 5. (U) Lateral Viev of Well-Developed
Strauss Reaction. (FD Neg B-398S5;

Figurs §. (U) Strauss Reaction with Necrosis
of Scrotum and Fistula Formation.
(FD Neg 3-3968)
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Figure 7, (U) Close-Up View of Testicles in Figurse 8
Showing Ext—avasation of Liquefisd Exudate
as the Rezuit of Incising the Scrotum.

’ (¥D Neg 8-3967)
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{C) A carsful study of the colonial type indicated that 3873-18 had a
markad degree of colonjal stability, praducing more than 90 per cent of the
amooth, buff-colored colonies on BEGA medium (Figure 1). These smooth colony
type organisms wers uniformly virulent for the hamster and wers selected
for all subsequent studies with this strain. A total inoculum of 104 cells
or higher usually killed the hamsters in 48 hours; lower numbers were lathal

v within ten days. Animals dying of the disease contained largs numbers of
organisas in tne lungs, blood, and ail viscaral organs. Heart blood, liver,
lungs, spleen, and testss were routinely sxamined and used for culturing to
recover the organism. Animals dying within one or two days had acutely con-
gested visceral organs and lungs., Those surviving for longer periods con-
tained nume~~:9e casanus lesions in the various .rJans which tended to enlargs
and coalesce if the animal survived for as long as six tc ten days. The

gross and aicroscopic pathology cg?tomed in all rsspects to ;?}at dascribed

1 comprehansively in DRKL Report 412" and in Upecial Report 35.2

{T) No cases of chronic infection were produced with Straia 3873-18 in
its {nitially viruient condition. Those rare animals that survived for
more than ten days after injection with the highest dilutions (ten celils
or less) showed no evidence of infection., Those rscelving more than 100
viable cells by injection or aerosol almost invariably died within tha
first fow days of holding.

(C) Ia early work with Strain 3873-18, aerosol trials wers mads pri-
mwrily to detsrmine i{ts resplratory virulsnce in hamsters, The praparations
tested Inciudad 48-hour undiluted BEG broth culturs, 1 to 100 and 1 to 1000
dilutions of culture in BEG broth, and cell concantrates resuspendsd in
distiliad vater. The cloud was gensrated by a Chicago-type atomizer con-
nected to a constant feed desvice which provided a steady delivery of the
slurry at a pradatermined rate. Prinary air for generating the cloud was
supplisd by a device for rsgulating the air pressurs. The suspension was
atcmized 1nto the 4800-1liter test chamber. A fan with a 12-incn blade
' rurning at 230 revolutions per minute was activated during tha tias of

aerosol generation and for a two-minute periosd thersafter to insure cloud
homogeneity. Because of difficulty in handling hamatars it was necessary
to place them in a hardware cloth cylinder wnich was then insertsd into
J the asrosol chamber. I[ampinger samplas of the aerosol were taxen simulta-
y neously with animal exposure to ascertain the concentrstion of organisms,
Aninals exposad to the same aerosol concentration were caged togather.
Calculation of the LDgy by asrosol inhalation cannot be considered precise
bucause of tne amall numbers required for a lathal effect. Howaver, a rather
consistant death pattern was obtained with a given range of figures for the
eatimated inhaled dose (Table IIX). On the batis of these experimental
data, the raspiratary LDsg fer hamstars is 27 viable cells, as calculated
by the Rsed-¥eunch method,
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TABLE ILI. (U} VIRULENCE OF ACTINOBACILLUS SALLEL,
STRAIN 3873-18, FOR HAMSTERS CHALLENG.D
BY THE RESTIRATORY ROUTE
DOSAGE RANGE, TRIALS, AVERAGE DOSE,
viable cells nunber viabls calls DEATH/TOTAL
1-10 4 4.5 4/12
10-100 6 60 27/32
100-1nnn 1! 514 69/569

(U) Swiss-Webster mice (Detrick strain) wers ckallenged by the intra-
peritoneal routs with Strain 3873-18 of A, mallel with dosez ranging from
20 to two million viable organisms. No deatns occurred in any of the 1in-
jacted animals during a 21-day holding period. At the termination of the
oxperinent all aniaals wers sacrificed and the lungs and visceral organs
were cultured to detect any viadle A, mallel organisms present., Because
no evildence of infection was found, It 1s assunmed that this specias of
rodunts i3 quite resistant to this strain,

(T} Zhosus monkeys werse injected intraperitonsally with a suspension
of Strain 3873-18 containing 27,000, 14,000, and 1,400 cells, rsspectively.
The only avidence of iafaction was the formation of an abscass at the site
of injection in the animal receiving 27,000 organisms. No gross lesions
ware noted in the viscera or lungs when the animals ware sacrificed 14
days later. Ia an experiment conducted to exposs monksys by the asrosol
route {o similar doses, only ona 2onkay was sxposed because of mechanical
difficultins, It received an estirated 1,300 viable cslls without showinyg
avidance of i1nfaction., Becauss of the inability to establish infection,
and because literature ceports indica‘ed that monkeys have a natural resiast-
ance to glanders, no fuither experiments were conductuad with this animal,

(U) After approximately one year's work with Strain 3873-18, 1t under-
went a marked drep in virulence that cculd not be explained., A nuamber of
animal passages wera carried out and diffsrent colony selections were
chucked for virulence ia an effort to derive a sub-strain having virulence
approachiny that of the parent strain, Selected isolates k:lled hamsters
by intraperitoneal injection in rather low numbers, 1.s., 20 to 1CO organ-
isms, but death pattarns were erratic and virulence va-~ied considerably
from test to test. About the time this difficulty was encountered,
Cariadian workers axperienced a siailar drop in virulence for their cul-
tures of this same strain.l’ Additional cultures received from the
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Canadians 2+ = latsr data ware alse variable in their lethal effect for

hamsters. Determinations of virulence made in 1958 on stored preparations

of Strain 2873-18 indicated a furthsr loss so that approximataly 108 cells

are required to kill hamsters by the intraperitoneal route. .

{0) The prolonged and fruitless effort spent in trying to regenerate
and to amaintuin high aninal virulence in A. mallaei by animal vcassage lndi-
cates the inhersnt difficuities. The value of this organism as a BW agent
undoudtadly depands on acquisition of virulant strains or their development
through genetic selection. Proven procedures f{or aaintalning virulence are
also needead, BEven thcugh such an undertaking has aerit, the rosources of
Special Operations Division ¢id not permit a rasearch program of this scope.
The loss in viruisncs repertad hors and noted by other workers was an izpqr-
tunt fzctor in the decision to discontinus the screening cof A, mallei.gﬁi?r

(O) if a virulent strain of A, nallei were to be acquired or developed,
the research rsported in Sections I[1I, D through [II, H might be applied to
the nawv strair to avoid duplication of that narlier work. For that possibla
future value, An account of the early work is included hers.

D, (€) IN VITRO ANTIBIOTIC SENSITIVITY TESTS

(J) Saveral strains of A. nallei ware ta.ted for susceplibility to six
commonly used antibiotics by two comparative procedures, (a) the tube test
asthod, and (Y} the impregnated disk method. The first procadure, tha tube
test method, consisted of incorporating different concentrations of an anti-
biutis in standard broth medium and lnoculating the tubes with one-tenth
nillisiter of a freshly growm liquld culture of the crganism. Control
tubes of bdroth msdium containing no antiblotic were also inoculated.
Uninoculated tubes of broth served as negativa controls. All tubes wers
obsearved after 24 and 48 hours' incubation at 37°C and comparsd turbidi-
metrically with the control tubes, Evidence of izhidbition was most appar-
ent in 24 hours' incubationj the minimum {nhibitory concentration (¥LC)
incresased twofold to fourfold at the 48-hour reading. Usually the 48-hour
MIC levei wai tha lsthal concantration also, because living organisms could
not be rscoversd from the tudes lacking turbidity. Table IV shows the MIC
lavels for the various strains studiad. These findings were confirmed by
duplicats tests. At low concentration chlorampheaicol often inhibited mul-
tiplication for a short period, followed by a profuss overgrowth,

(U) Good correlation and confirmation of the tuda tests ware obtainad
with izpregnatad disks by using commercially prepared tabs* impregnated
wvith varicus strsngths of the respsctive antibiotics. The results ars
shown in Table IV. In this procadure a thin fila of liquid culture was
spread on BGA plates and a number of antibiotic disks wers placed on the
inoculated surfacs. The diametar of the area of inhibition was measurad
24 and 48 hours after inoculation,and the MIC was datermined by ccmparison
with a chart suppliad with the disks.

# Difco.
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(U!) n *he same test, chloramprienicol 1nhihitod wrowth two to three
hours btefor. the organisa grew around the dish This amight account for
the discrepancy ndted between the two metnrods for Strain 3708 (Table V),

{U) N1 and coworkers nave 1ndicated that the reiated organism, P.
seudomal.ai, may b2 differentiated {r-m some strains of A, mallei on the
basis of susceptibiiity to certain ant:iy.otics; for instance, A. mallei is
sensitive ty streptom.sc:in, P, pscudomaile: 1s usually resistant to this

antidbiotic.3’ -

E. (C) ALROSOL STABILITY

(C) 3efore the arrival ofivirulent Strain 3473-18, preliainary
tests were carried cut with othar strairs to lrarm scmething of the aerosol
proverties of A. mallet. For the most part the data were erratic. [t was
not readily apparent whether this incons:stency reflected var:ations in
agent preparations or var:ations in aechanical and technical conditions in
the test chaxsber, or a ccabinatiun of bLoth,

(C) Extensive aerosol studies were conducted with Strain 3873-18, the
Strain sclected for major emphasis. Liqu:id cultures of this organism were
produced e:t™er in snake flasks or in a five-gallon carboy (descrided pre-
viously). The cell suspension (slurry) prepared by diluting a culture in
broth was supplied to a Chicago-type atomizer through rubber tubing from
a constant feed device. The slurry was atomized with compressed air at
ten pounds per squars inch in the 4800-liter test chamber maintained at
T0°F and S0 per cent relative humidity. Aerosol recoveries {rom a large
number of such trials varied considerably, although most were noted to
fall about the mean of five to six per ceat r'~r the one-minrute period
after aercsolization. Sudsequent changes i1n standard zcthods of asro-
solizing and sampling, along with mechanical improvements in the tank,
undoubtadly would provide zmore consisteant data. Becauss of the marked
variation in recoveries from test to tast, it was also impossible to be
certain of the effect of variations in texperature and humidity on the
asrosols. The data suggest, however, that temperaturss lower than 70°F
and relative humidity values higher than 30 per cent would resuit in
highest recover:ies.

(C) The results of asroscl field trials with Strain 3373-18 conducted
by Canad:an workers of the Suff:ield Station 1a Septeadber 1333 was reported
in August 133¢.°

# Trial Racord 190, Suffisld Zxper:iment Station, Ralston, Alberta, Canada.
SECRET 35€-FD-TS-733.
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F. (U) STORAGE STABILITY OF LIQUID SUSPENSIONS

(U) Data reported by Millar et géi/ indicated that optimal storage con-
d:itions were attained at 20 to 25°C by starting with diluts suspensions
(107 calls per milliliter) in fresh droth and allowing slow growth during
storage of several weeks. Some loss in virulence occurred during storage.
When more concentrated suspensions (1010 cells per milliliter) were used
for storage, a marked loss in viable cell count was noted within two weeks.
The latter finding was verified by current wvork at BN Labs. Suspensions
containing 109 viable cells per atlliliter contained relatively few viable
cells after two weeks' storage at -60, -20, 0, and 25°C. Instability of
stored liquid cultures was also ohsarved by the Canadians, who reported a
drop 1n viable count and virulence of a suspension held for several weeks
Tor wind tunnel trials.?/ In preliainary storage tssts at 4°C the same
group reported good stability for two to three weexks followad by a rapid
fall the following weex.

G. (T) DRYING STUDIES

{C) Contrary to resul®s previously reported,l/ nost of the availadie
straas of A malley were dried with reasonably good recoveries by two
different methods.

(T) In the first metiod, thick suspensions of cells obtained from solid
or l:quid media were thoroughly nixsd with an equal volume of five to 30
per cent egg white. The resulting preparation was spread in & thin layer
on 18-i1nch by 18-inch pieces of safety glass and allowed to dry at rooa
temperature under a streanm of air from an electric fan. WNhen the fila
appeared to be dry, it was removed with a hand scraper fitted with a single-
edgze razor dblade 1insert. The resultant fliaxy material was collacted on
paper and stored in a glass container unt:l i1t was ground.

() A 30 per cent viable recovify was usually obtained that resultad in
2aterial with counts of 1010 to 10! cells per graa. This product was
greund 1n a mortar and pestle during early work and later in the Tannser Spia
M1l (Fizures 8 and 9). Approximately 30 per cent of the viable count was
lost Jduring grinding dy either method. Mertar grinding produced relatively
largs polyhedral, crystal-like particles which contained embedded bacter:ial
cells. Particles from the Spin M1ll treatment were round and more uniform
12 size  Stability studies with simulants indicate that egg white does not
enhance stability but it doss serve to separats bacterial cells and to per-
ait grinding to a finely divided state.

(T) In the se ond method, suspensions of cells produced c¢: solid med:iun

or in a five-gall .n carboy were thoroughly aixaed with various diluents
(2qual volumes of cell concentrate and of suspending fluids). The resultinyg
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Figure 8. (U) Yotors and Housing of Tanzer
Spia Mill Installed in Class I!I
Safety Cabinet. (FD Neg C-3731)

Figure 9. (T) Xotor Housing of Tanner Sgin
Mill. (7D Neg C-3730)
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l1iquid was poured into a Mylar-bottomed tray, frozen, and the frozen cell
suspension was lyophilized in the fresze-dryer.”? Lyophilization was carriad
out with or without infrared radiation from above and beneath the trays,
Figures 10 and 1:.

(U) Although the products from the above drying processes had somevhat
greatar storage stability than the liquid agent, their behavior as asrosols
vas disappointing. Virulence of the dry agent, determined by reconstitu-
tion and intrasperitoneal injuction, also was quite variabls from lot to lot.

H. (U) HOMAN INFECTIONS

(U} A search of the litaratuis for racint ysars reveslad 'ittle detailed
information on cases of human glanders with the excaption of accidental
laboratory i1nfections at Fert Detrick. The six clinical c:i7s vare raported
in the open litaratureﬁ/ and dezailed in Special Report 53.2/ Although
these cases could be classified clinically as mild, the perind of disability
was langthy. Available avidancc suggests that the infecting dose probably
was low, The extent of the pathological procass 2lso was probably limited
in view of the reported clinical findings and the failure to isolate the
infecting organism. In all six cases sulfadiszine proved to be an effec-
tive chemotherapeutic agent,.

(U) In 1953, a modarately severs case resulted from an exposure of
unknown sourca at Fort Detrick.3/ The 32-ysar-old typist infected did not
wvork with the organism and ordinarily did not visit the laboratoriss. How-
sver, a laboratory accident several days before he became ill had allowad
potentially contaminated aaterial to escape from the Class III cabinet.
Apparently the proximity of his office and the contaminated laboratory had
allowed his exposure to the agent.

(C) The onset of symptoms was gralual and consisted of chest pains,
ready fatigadility, and night sweats. ¥hen first seen by the physician,
he had a temperature of 101.2°F. A chest {-ray revealad an infiltrative
process axtending from the left hilum to the level of the first rib with
a two-centinetar cavity in the second laft antsrior interspace. Only
slight elavations in lesukocyte count and erythrocyte sedimentation rate
wers noted throughout the illness, Other routine laboratory findings
were essentially negative. Approxiuately eight days after his admission,
the ssrum agglutinin titer for A, mallei was 1:540 and later rose to
1:256Q. The complement-fixation test was negative. After his admissicn,
numerous Gram-nagative bacilli ware isolated from the sputum and identi-
fied as A, mallei. The organism was {a) sensit.ve to therapeutically

# Dry-Freeze Corporation, Chicago, Illinois,
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Filgure 10. (1) Metal Lyophilizer Tray with ¥ylar
Plastic Bottom, (¥D Neg C-3732)

Pigure 11, (U) Freezs-Dryer Apparatus and

Installed in Class [Tl Cabinet.
{FD Neg 8-3523)
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attainable luvels of ¢hlortetracycline and oxytetracycline, (b) moderately
sensitive to streptomycin, and (c¢) resistant to penicillin, bacitracin and
chlorazphenicol. The mallein skin test was negative on repeatad occasions,
The patient was treated with chlortetracycline for 28 days duriag which
tine his temperature rose from 99 to 99.4°F almost daily. He was allowed
up on the fourteenth day of hospitalization but continued to fael wsak,
After discharge, he was on sick leave for 12 days.

(C) The picture was complicatad slightly by the fact that this patiant
reacted to coccidioidin (1 to 1000) by skin test, although previously his
reaction had been negative. This finding led to the additional diagnosis
of inapparsnt coccidioidomycosis,

(C) T™e glandars oreanism {solated fr.: this patient possessed virulance
for hamsters similar to tnat of Strain 3873-18, the one which prosumably
produced the infection. Latar, the culture underwent a gradual decline in
virulence and can now be considarsd without lethal effect for haasters oxcept
in nassive doses.

(0) This case report exphasizes the finding of Howe and Killer,é/ who
also stated that the agglutination-titer det rmination is probably a more

valuable clinical test for the diagnosis of ylandars than the complemant -
Fixatien tast,
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IV, (U; PSEUDOMONAS PSEUDCHALLEI AND MELIOINOSIS

A. (U) DISEASE HISTORY

(U) Melioidosis, a disoase closely ra7a-bling glanders, was first
reclgnizad by Whitmore and KrishnaswanilQ/ {n 1910 and reported in the
literaturs in 1912. Between 1912 and 1347 slightly more than 300 cases

vere rsported. It seems probable, however, that the disease has been

aore prevalent than these figures suggest, because a study of approximately
3,000 post mortems in Kuala L ur betwesn 1328 and 1930 revezled four and
fivs-tenths casas par thousand.l:/ The prohibition of pos’ r ~tam exarina-
tions dy various religious groups Hls probably prevented inves'lgatr~rs froa
finding & greater incidence of the disease in xario's parts of tns worw...

fre varied zanifestations of the disease and the dutficulty In difrerentiut-
{sg the caunative soart frow scrpholsgci~1ly, siallar tictoria sy also be--
1ieved to have contributed to the saall number of cases reported., The rec-
ogaizad disease 1s still uncgg7ou, tut a report of several cases i Indo-
China was published in 1953;2%/ 12 1957 a case was diagnosed in an American
sorviceman stationed in Panama. Melloidosis has baen reportad from Australia,
Burma, India, Federated Malay States, China, Thailand, Indo-China, Caylon,
Datch Egst Indiag, ing}{ , South Africa, Guam, North Ausrica, the West
Izdies, and Panams . 22T:<

B. (U) DISEASE DESCRIPTION

(U) Melioldosis in its acuts form ls usually fatal within a few days
after a suddan onset. The symptoas and nanifastations vary consideradly,
depending on the extent ol the infectious process and tha areas of the
body affected. Clinically, it may simulate syphills, smallpox, tuber-
culosls, malaris, cholaera, glandsars, and other diseases. Unlike glandars,
aelicidosts has been noted in epizoctic form in laboratory rodents. Ths
natural infection also has been seen in dogs, cats, horses, and sheep.
Fathologically, the disease may be dsscrided as a pyemia closaly rasembling
glanders in wvhich the liver, spleen, lungs, skin, and other tissues and
organs contaln multiple small abscesses that frequently ccalesce to form
largsr lesions., The chronic form is rare, tut it often results in an
i{1iness with much suffarisg and szarked incapacitation lasting for years
befors eventual recovary or death.13d.18

C. (Y) TRANSMISSION
(U) The reservoir of meligidosis i3 not mown; although the natural
infaction has been seen occasionally in wild and laboratsory rodents, In-

la=d bodies of water have 2lso teen reported to con*ain the orénnL?m
Humans apparently derived the infection {rem the water. i7, 21
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(U) Stanter and Fletcharll/ concluded that food and drink contaminated
with rodent sxcreta 1357 probably the sources of infection. However, Alain,
St-Etienne and 2eynes’?/ found only one infected animal in 20,000 rats
examined in Ssigon, and Voucell8/ found none among 560 rats froa the Tonkin
area.

{r) Exper;7antally, Pssudomonas pseudrmallsi has been tranamitted by
the rat flea:)/ and Aedes aagypti aosquxfo,zza But 1t is not known whethar
any human in,:ctions have been contracted frocm these putential vectors,

(U) Yan-to-man transmission has not been dumonstratad, even though
special prscautionary messures were not taken in hospitals where patients
wvitl open lesions wers attended, in laburatcries whers culturss and
infe~ted aniaals have been kept.ii

(U) Although the epidemiology of melioldosis is poorly understzed, it
seems reasonable to assume that the diseasa could de transmitted dy a
variety of means sinilar to those mentioned for glunders. The frequent
involvement of the lungs in human cases and the known susceptibility of
anizals to air-dborne crganisms strongly suggsst that the respiratory route
wa3 ths avenue of infection in =many instances. Patients demonstrating
pulaonary locaiization with septicemia are considered éq have a nors grave
prognosis than those with other foras of the disense .12/

D. (') PROPHYLAXIS AND THERAPY

(U) There is no vaccine of proven value for srophylaxis., However,
autogenous vaccinas are useful in the therapy of chronic cuses .22
Althcough certain commannly used antidiotics have proven effective in vitro,
resistance in vivo has been observed to develop rapidly in certain in-
,c,nc,,.ggf“‘A: present, chloramphenicol is considered by investxéators
faailiar with the disease as the drug of choice for treatment,lZ;;ﬂ/ but
the antibiotic spectrum of the particular scrain would be a decisive
factor 1n the choice of therapy. Most recent clinical trials using
chloramxphenicol in large, sustained Joses indicate that the mortality
rats nay be substantially reducad if suitable antibiotic therapy is
instituted early in the diseage.l2

(C) In many human cases of acute =melioidosis the causative agent was
not recognized before deuth.gi/ Apparently those unfamiliar with the
disease or the bacterium aight regard isolates of P. pseudomallei as a
contaninate, or confuse it with secondary pathogens similar 1n morphology
and biochemical properties.

(T) Pathologzy of melioidosis reseables that of glanders except that
the former is usually xmore extensive. A comprehensive compilation and
description of the murbid anatomy of many human cases are found in the
classic book of Stanton and Fletcnsr.ld
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E. (U) CAUSATIVE ORGANISM

(U) P. pseudomallsi is a short, Gran-negative rod closely resembling the
glanders bacillus; ooth have a bipolar appearance after staining with aniline
dyes. Unlike the A, mgllei, however, it exhibits serpentine motility, with
its lophotricate fTagelila. It is also capable of fermenting certain carbo-
hydrates to form small quantities of acid without gas. The incubation period
for good growth of P. pseudomallsi is about 24 hours, coaparsd with that of
48 hours for A. 2alYei, E;{EZD; Fas shown that the metabclic pathways of
these tvo organisms also are divergent.

(Ci Although rno particular colonial type can be related to animal viru-
lence,11:28/ rough or corrugated forms are isolatsd more frequently from
human aolioido;[g.il/ In addition to the glandasrs bacillus, P, pseudomallei
also is sometines difficult to differentiate b§”>aboratory tosts from other
species cf Pseudomonas. NWetmors and Gochenours!/ suggestsd that certain
bischemical reactlons ars useful in differentiating these speciss from one
anothar,
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V. (¢) EXPERIMENTAL STUDIES ON PSEUDOMONAS PSEUDOMALLEI

A. (U) STRAINS OF P. PSEUDCHALLEI

(U) P. pseudommllei strains received at BW Labs from various sources
are described 1n Table V. Virulence dsterminations wers parformed on tha
first sight straing listad, but or'y Strain 80i6 has been used extensively
in scresening studias. The experinmuntal data to follow were derived from
the rough form of this strain except vhers otherwise indicated.

B. (U) CGLIURE PROCEDURES

(U) The 2edia and methods for growing A. mallei wers suitabls for P,
pseudomalle:, indicated by the work of MilJer et al.l/ Both glycerol ™
and sorbitol promoted growth in solid and liquid media. Maximum growth
for A. aallsi was obtained in about 18 to 24 hours in {lasks or in five-
gallon carboys by using the apparatus shown in Figuress 2, 3 and 4. Counts
of 1 to 3 x 1010 viable cells per milliliter for Strains ¥-294 and 8016
were routinely obtained under these conditions by using one to ten per
cent inoculum from a fresh broth cultuze.

(U) In addition to the beef-extract base media previously describved,
the results of preliminary experiments indicatad that casein acid digest
(CAD) also can be used as a bas:c constituent of a liquid medium for the

cultivation of P. pseudomallei. This medium contains the following ingre-
dients:

Casein acid digest 0.85 mg of amino nitrogen per al of final
volume

Yeast (paste, Vico #75)

KH2PO

KoHPO,

Cereloss® 10.

Distillad water

pH 6.

(=W N

(Of*O)-‘LJO
o ™
SUYDY

0 ml

o

Counts as high as 6.0 x 1010 yiable cells per milliliter were obtained
in this nedium after 24 hours' incubation at 37°C by using a one per
cent 1noculua,

(U) The sudculturiag of rough and smooth coluzial forms of Strain
801€ in the CAD medium had no apparent effect on the virulence for haa-
sters infected by tha intraperitoneal route (Table VI).

* Cerelose added after stcrilization.
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TABLE VI, (U) VIZULENCE AND VIABLE CELL CCUXTS OF ROUCH AND SMOOTH
COLONIAL FORMS OF P. PSEUDOMALLEI AFTEW SUBCULTURE IN
CASEIN ACID DIGEST BROTH

VIABLE CELL HAMSTER LDgg
INITIAL VIABLE  INIT{AL  COONT AFTER AFTER
COLONY TYPE CELL_COUGNT, LDgg ONE TRANSFER,  ONE TRANSFER,
CTLTCRE 1010 /a1 cells 1010/a1 cells
Saooth 1.2 1.0 4.0 4.0
1-Rough 3.3 3.0 3.3 3.0
2-Rough 3.5 4.0 3.8 10
3-2ough 0.7 7.0 3.4 10

() Beel extract agar contzining eithar glycerol or d-sorbitol was usad
as the routing solid medium to determine viable cell counts., Colonies :zan
be countsd on this agar after incubating for {8 hours at 37°C. ?Plates were
incutated an additionsl four days 8! room tamperature to distinguish colo-
nial forxs. Plgures 12 and 13 show colony types obtained from Strain 80186,
Figures 14 and 15 shov the predominating coleoay types from two other strains
grows cn BEG agar medium.

(U) Distilled water and gelatin saline were as eificient as any of the
several solutions tried as diluting fluids. However, in resuspending cer-
tain dried preparations it was necessary to add a surface-active agent,
Twaen 80, to tha water. Distilled watsr and zelatin saline® aro also sat-
{sfactory as acrosol impinger fluids,

C. (U)"CBETZC STABILITY STUDIES

Stra:n 8016 were determined by subculiuring them directly for six passages
in beefl axtract sorbitol (BES) broth medium im shake cultures at 37°C.
The final products wers compared with the first passage culturs with re-
spect to viable count, colonial morphology, and virulence for hamstars by
H intraperitoneal injaction.

’ (C) The genetic stabilities of smooth and rough colony isolates from

(T) The smooth types did not give rise to rough colony forms, although
thie roughs reverted to smooth forms to a variadbla extant, depending on the
particular isolate (Table VII). The smooth culturss also gave slightly
higher counts in the shaxe-flask culturss, bul the humstsr virulence remained
unchanged. These virulence data show no correlaticn between recognizable
coleny characteristics and virulencs for the haaster,

# Two drops of olivs o1l served as an efficient antifoam agent.
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Figurs 12, (U) 3mooth Coloniss of
P. pseudomallei, Strain
016, 98 flours Old.
(FD Neg €-3523)

Figurs 13. (U) Rough Colonies of

P. pseudomallei, Strain
8016, 96 Hours Old.

(FD Neg C-3563)
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Figure 14. (U) Colonies of P, pseudomalley,

Strain 1454, 36 flours OLa.
(FD Neg C-2567)

Figure 15. (U) Colonies of ?. pseudomallei,
Strain 1438, 95 Hours 0O1Ld.
(FD Neg C-3366)
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TABLE VII. (U) VIABLE CELL COUNTS, VIRULENCE, AND COLONTAL MORPHOLOGY
OF P, PSEUDOMALLEL AFTER SUBCULTURING IN BEEF EXTRACT

SORBITOL BPOTH
HAMSTER LDsg, VIABLE CELLS,
[SOLATE cells 1010/n1 COLONTAL MORPHOLOGY, %
Fifth Fifth Fifth
Initial Passays Initial Passage Initial Passage
s/ gd/ s
1-58/ 2.0 <8.8 4.75 5.77 100 0 100 0
2-5 3.0 <8.6 5.04 5.20 100 0 100 0
1-80/ 1.0 5.4 1.40 3.33 0 100 41 59
2-R 1.0 «5.7 2.40 1.87 0 100 8.7 91.3
a. Saocoth.
b. Rough.

(D) The effect of repeated subculture in BES broth on the virulence of
cells was emphasized in another study with colonies selected at randoa.
Ten colonies wers picked from a sixth 3ES broth subculture and checked for
haaster intraperitonesl virulence. A siziliar number plated from a stock
culture showed that all of the colonies wers virulent [or hamstsrs. These
results iddicats that this characteristic 1s relatively stable after an
estinated 30 generations.

{T) Prelisinary studiss indicated that asration of culturss by shaking
or sparging is necessary for aaximum growth., Therefore, the effect of
varying degrees of oxygen tsnsion on the growth and virulence of cells was
investigated by using virulent products obtained in asrated shakse flasks.
Tube broth cultures wers started with daiffersnt quantities of inoculua and
incubated for 48 hours at 37°C under static conditicns. Tre viable csll
count and virulance of the products are recorded in Table VIII. In most
cases the lowest number of cells injected inzo hamstsrs was too high to
obtain an LDgg. However, if the growth conditions used had decreas:d the
virulance of this organisa, one night reasonably expsct the number of
bacteria representing the LDgy value to have been much higher. The viable
¢2ll yield of the culturss incubated under static conditions was about two
logs levwer than that in the asratad cultures; again, the advantage of aera-
tion is emphasized.
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(C) Incubation temperaturss ranging from 26 to 39°C supported cultures
possassing high virulence for hamsters, although at the lower temperatures
a longer period was required to obtain concentrations of 109 to 1010 cells
per milliliter (Table IX). At 39°C the bacterial populaticns changed from
rough to predoainately smooth colony-forming types, which, as stated previ-
ously, do not differ in virulence for hamster:

TABLE VIII. (U) EFFECT OF OXYGEN TENSION ON THE GROWTH AND VIRULENCE OF
P. PSEUDOMALLEI IN BEEF EXTRACT SORBITOL BROTH

CRONTH VIABLE CELL COUNT VIABLE CELL COUNT HAMSTER
CONDITTON OF INOCULLN, AFTER INCUBATION, LD??.

' ’ cells/al cells/al cells
Aerated, shake 3.0 x 10? 2.3 x 1010 <23
flasks 3.0 x 10’ 1.6 x 1010 <15

3.0 x 108 9.4 x 109 <9

3,0 x 1¢° 5.2 x 109 <52

Static (without oil) 3.0 x 108 1.1 x 108 <110
3.0 x 107 1.0 x 108 <100

3.0 x 108 4.0 x 108 < 40

3.0 x 109 1.4 x 108 <140

Static (with layer 3.0 x 10§ 8.1 x 107 <81
of o0il) 3.0 x 10/ 8.1 x 108 <110
3.0 x 108 5.0 x 107 <5000

3.0 x 109 5.0 x 107 < 5000

(U) Tadble X contains the data from experiments in which REG broth with
and without a layer of paraffin o1l and Bruwers' thioglycollate medium were
used to culture the organism at 37°C. Virulence of cells from each culture
was determined in the usual nanner after three weeks of incudbation. XNo
significant differences in virulence were detected as the result of the pro-
longed incubation.
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TABLE IX. (U) INFLUENCE OF INCUBATION TEMPERATURE ON GROWTH AND VIRULENCE
OF AERATZD BROTH CULTURES OF P. PSEUDCMALLET

INCUSATION VIABLE CELL COUNT HAMSTER
Temperatuis Hours After [noculation, Aftar [ncubation, LDeg,
o¢ calls/al cellg/ml cells
26 48 5.2 x 108 1.3 x 1010 28,0
5.2 x 109 2.2 x 09 5
5.2 x 104 1.1 x 109 22
5.2 x 103 1.1 x 109 22
30 48 2.1 x 18 7.3 x 109 1.0
2.1 x 105 1.0 x 100 20
2.1 x 0% 2.0 ¢ 109 120
2.1 x 103 1.2 x 109 27
39 24 1.4 x 10~ 2.3 x 1010 5.0
1.4 x 104 2.2 x 1010 5.0
1.4 x 103 2.0 x 1010 4,0
1.4 ¢ 102 2.5 x 1010 7.0

TABLE X. (U) VIRULENCE OF BROTH CULTCRES OF P, PSEUDOMALLEL AFTER
P! OLONGED INCUBATION UNDER STATIC CONDITIONS AT 37°C

VIASLE CELL COUNT VIABLE CELL COUNT HAMSTER

GROWTH MEDITM OF INOCULLM, AFTER 3 WEEKS, sy,

cells/ml cells/ml cells
Thioglycollats 1.7 x 109 1.6 x 106 28
broth 1.7 x 10 3.8 x 106 1
1.7 z 103 7.4 x 108 16
1.7 x 102 3.6 x 108 11
Beel glycerol broth 1.4 x 103 3.9 x 105 --
(without oil) 1.4 x 103 6.0 x 10° 19
1.4 x 1062 6.8 x 108 21
14 2.0 x 108 3
Beef glycarol broth 1.4 x 104 4.9 x 107 15
(with layer of oil) 1.4 x 103 2.7 x 108 6
1.4 x 10¢ 2.8 x 10° 1
14 7.8 x 1068 2
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D. (U) VIRUI 2NCE STUDIES
1. (U) Hamster

(U) A large number of virulence titrations using P. pseudomallai,
Strain 8016 indicate that the hamstsr intraperitoneal LDsg for this strain
1s betwaen one and tan cells and the rsepiratory LDgg for this animal 1s
batween four and twenty cells. Hamstars given high doses (15 x 10° organ-
isms) by the oral route died from malioidosis; others recelving 15 x 103
and 15 x 101 cells by this roate showed no evidence of infection when sacri-
ficed 15 days later. Thus, oral infectivity for hamsters does not appear
to be of a high order; this finding was reported by the NBL group.2§

{U) The gross and microscopic pathology studiss carried out on ham-
sters infected with P, seudomallei agreed closely with the findiags of
several other groups.1,5§7 As would be expectad, the lungs of asrosol-
exposed animals usually contained a greatar number and aore extensive
lasions than those of animals injected or fed the virulent bacilli. How-
aver, thase organs were alaost always involved to some extent in the infec-
tion rsgardless of the route of entry. In addition to the characteristic
lesions plictured in Figures 15 and 17, many of the organs showed eithsr
henorrhage or =arked congestion with edema, Animals surviving the first
tvo or thrse days post-infection often were observed to have a discharye
from the syes and an opacity of the corneas that resulted in blindness.

{U) Giemsa or other appropriate stains for bactaria revealsd numer-
ous intracellular and extracellular bactaria in the lesions which were some-
what longer than the forms seen in broth cultures. The marked tendency for
the necrotizing lesions to enlarge and coalesce and the amiliary aspects of
the lesions in the lungs, spleen, and liver further esphasize the fact that
tha hamster has very little resistance to P. pseudomallei infaction.

2. (U) Guinea Pig

(U) The aajority of the reports in the literature rugarding the
pathogenicity of P. pseudc=allc: indicate that the guinea pig 1s very sus-
ceptible to infection with tnis organism. Publications originating at Fort
Detrick and the Naval Biological Laboratorics in Berkeley, California indi-
cate that the LDgg by the intraperitoneal rou*e is approximatsly 500 viabla
organisag. Other sources, ho«ever, report that the guinea pig varies 1n 1ts
response to infection with P. pseudomallei, i.e., certain aninmals do not die
when injected with concentrations of bacteria exceeding the usual LDgg figure.
The results of two typical experiments with the Hartlsy line of male guinea
pigs® (350 grams) suggest that Strain 8015 has an LDggy of about 30 organisms
by the intraperitoneal route ¢~ challenge, and an LD3g of about one by the
subcutaneous route (Table XI)

# Fort Detrick stock.
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Figure 18. (U) Porticn of a Lesion of
Melioidosis Adjacent to & Vein
in the Lung of a Haaster.

(FD Neg C-1555)

g,

inuro 17. (U) Small, Coalescing tesions ot
Melioidosis in Liver of Haastar.
(FD Neg C-1558)
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TABLE XI. ({U) VIRULENCE OF P, PSEUDOMA'LEL,
STRAIN 8016, FOR GUINEA PICS AND HAMSIELRS

ROCTE OF LDgy, cells

ANIMAL INOCULATION “Expariment
1 2
Guainea Pig Intraperitoneal 52 54
Guizea Pig Subcutaneous 1 1
Hamster Intraperitoneal 4 1

(0) In these sxperinents, virulence was determined by using hamsters
as a control. All aninals were held for 14 days. Those animals that expired
four to five days after inoculation wers autopsied, and death from melioidosis
was confiried by culturing the heart, lungs, liver, and spleen. Colonies
typical of P. pseudomallei were recovered from 21l dead animals. The Strauss
reaction was noted in aals guinea pigs dying after the third day of infec-
tion.

(U) In further studies, more variable results were obtarzed by using
aixad groups of animals of different sizes and ages; an occasional animal
resisted the lethal sffect of as aany as 10,000 cells for more than the
twvo-week holding period.

(0) Microscopic examination of various tissues and organs of guinea
pigs which diad from the infection revealed a lesion similar to that noted
in hanmsters. However, the number of lasions was lass and fever sxtracellu-
lar bacilli were present in thoss lesions. I[n many cases, the extsnt of
the infectious process did not seea to justify the death of the animal. It
seeas logical to assuns that a tov:s:ia resultinyg from proliferation of the
organiams has auch to do with t!a fatal termination. Such a phenomenon
probahly obtains in human cases also, where the extreme emaciation descrided
1s far out of proportion to the infectious process.lﬁ;lg?m

3. (U) Monkeys

(U) Rhesus and cynomologus =monkeys injected intraperitoreally with
30 to 50,0C0 viable cells of P. pseudomallei showed nc evidence of progres-
sive infection. However, an abscess was produced at the site of injaction
of the monkeys receiving the highest dose (50,000 orpanisms). This abscess
healed within the holding period of two weeks. Gross examination of the
lungs and viscera failed to reveal any lesions attributable to P. pseudo-
mallei. Because the first six virulent strains (Table V) gave similar
results, it was concluded that both species of monkey were relatively
resistant to inlection with P, pseudomaliei by the intraperiteneal route.
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(U) Three monkeys wera succossfully infected with P, pseudomalle:,
Strain 8016, when challenged by the oral routs with lasge EumEars of organ-
isms. One, fed a biscust containing approximately 1010 viabie cells, died
14 days later of melioidosis. The other two monkeys, injected with approxi-
mately 109 viabla organisms directly into the stomach by means of a cathster,
were infocted with P. ggggdomallei as avidenced by an increase in agglutina-
tion titers, an s c33se insthe number of circulating white blood calls, and
by the isolation of i. pssudomalleyr at the time of sacrifice.

E. (C) AEROSOL STABILITY STUDIES
1. (C) Genersl Frocedure

(C) Many aerosol tests have besn carrisd out with P. pseudomallet,
Stra:n 8016. Ia genwral, the results indicate that this organism j- at
least as stable in asn.vol forz as certain cther vegetativa pathoge. ic
bacteria, i.e., Pasteursila tularensis, Pasteure. a pestis, and certain
speciss of BrucsIla. -

(C) A series of aerosol runs was mads with beaf oxtract sorbiuol
broth culturss of P. pseudomalia: grown in 1500-al quantitiss in 2000-al
Erlenmeysr flasks on a watar-bath shaker at 37°C. Fifteen hundred aillili-
ters of broth were given a ten per coent inoculum [rem a culturs containing
§ x 107 cells par millilitsr. After 24 hours' incubation, a samplae was
vithdrawm for asroscl recovery detarminations and viable c¢ell counts. A
ten per cent inoculum from this culture was used to seed another 1300 milli.
liters of beef extract sorbitol broth, Fresh cultures vers provided daily
for three days {or asrosol evalui.ion. The amaterial w34 zerosolized into
a 4800-liter test tank by means of a specially constructed spray-gun device,
FK8 (Figure 18). PFrom simulants, the FK8 has produced small-particls aero-
sols ranging from two to five microns in diametsr with a uniformly high
recovery rata. No significant differencs wzs found detwesn production
batches of the liquid agent nor was any effact noted with change in rela-
tive humidity. A summary of the data from these trials is shown in Table III.

(U) Lots 1 through 5 were produced serially in 1300-ml shake flasks
by using inoculum from the preceding lot. In Lots & through 8, however,
ssveral sced flasks were prepared as {ollows: A 300-ml Erlenmeyer flask
containing 25 =l of beef extract sorbitol broth was inoculated with a loop-
ful of growth froa an agar slant culture of P. pseudomallei. The flask was
incutated on a water-bath shaker for 24 hours at 3:°C. Four to eight 3CO-ml
Erlenmeyer flasks containing 24 al of broth each were inoculated with cne
milliliter of inoculum from the above broth culture. These flasks were incu-
bated on a shaker for 24 hours at 37°C and stored at 4°C until used. A
2000-m1 flask containing 15CO ml of beef sorhitol broth was inoculated with
24 ml of culture from a seed flask. After 24 hours' lncubation at 37°C,
saaples of the culture were assayed for aerosol properties. The aerosol
decay rate for these three lots of material averaged about the same as
those fcr the five previous lots.
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Pigurs 18, (U) Disasesmbled FK8 Aerosol
Dissemination Device Showing Slurry
Reservoir. (FD Neg C-3733)
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TABLE XII. (C) AEROSOL STABILITY OF P. PSEUDOMALLEL, STRALN 8016, GROWN
IN BECF EXTRACT SORBITOL BROTH LN 1500-AL QUANTITIES

PER CENT AEROSOL RECOVERY, min DECAY
LoT VIABLE CELLS/al 0+2 0+16 0+30 RATE, %4/ain
1a/ 5.71 x 109 41.9 19.3 13.0 4.18
2b/ 5.71 x 109 44.0 20.6 11.6 4,76
ac 8.10 x 109 48,5 20,6 13.4 4,44
$&/ 1.00 x 100 27.5 11.4 7.5 4,85
sz/ 6.00 x 109 28,5 13.7 10.5 3.74
£ 7.10 x 103 30.7 6.2 4.6 6.80
7% 1.51 x 1030 34.1 18.7 10.8 4,10
ac/ 1.20 x 1010 23.3 16.4 13.0 3.40

&. Avarage of nine imdspendcont trials at 30 per cent rslative huamidity.
b, Average of nina independent trials at 80 per cent relative humidity.
¢. Average of six independent trials at 50 per cent ralative humidity.

2. (C) Effect of Storage on Asrosol Stability.

(C) The results from cne seriss of axperiments with three lots of
P, pseudomallei, straia 80168, grown and stored in beel axtract sorbitol
Troth, [ndicats a progressive drop of aerosol stability during storage.
The axperinent wvas parformed a3 follows: A loopiul of growth from a beel
glycerol ager slant culturs started from a singls rough colony was used
to seed 25 =i of desf sxtiract sorbitol droth in a 300-al Erlenmeyer flask.
The flask was incubated for 24 hours on 2 watsr-bath shak.r. One-milljili-
tor aliquots of this culturs were used to lmoculats four 300-ml Erlenmeysr
flaske containing 24 al of besf sorbitol broth., These four seed [lasks
were insubated with ssration for 24 aours at 35 to 47°C and then held at
cabinet tsmperaturs. A 2,000-al flat-bottomed flask containing 1500 x1 of
beefl sorbitol broth was inoculated with 25 2l of culture from a sesd flask
and incubated at 35°C for 24 hours on a water-bath shaker. Thres lots
(desiznatad A, B, and C) of P, pseudomallel wers produced in this aanner
or. altarnate days. Sazples [rcm each of the three lots wers assaysd in
ssrosol form at 0. 2, 4 and 8 weeks, The clouds ware disseminatsd into
8 48C0-1litar test tank with FX8. The broth cultures were stored in sterila
500-m1 heavy-wall reageant bottles at 5°C.

{T) Table TII gives *he initial viable cell counts of the three
lots of P, pseudorallisl as determinred by four differe=nt groups in SO and
Tachaical svaluation Divisions. The thrss lots hud about the same viable
call count,
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TABLE XIII. (U) VIABLE CFLL CCUNTS OF THREE LOTS OF P. PSEUDOMALLEI GROWN
IN 1500-#L QUANTITIES IN BEEF EXTRACT SORBITOL BROTHA

INOCULULM,
108 VIABLE CELL COUNTS, 1031 AVERAGE
viables - S0 Division TE Division VIABLE

LOT cells/al M Branch Eval 8ranch  A%E Sect MRRAE Br COUNT, 109

A 2.5 10.0 12.3 10 7.5 9.9
B 1.4 8.5 9.17 7.0 7.2 7.9
c 3.0 10.3 8.7 7.4 88 8.8

a. Culturss incubatesd on a water-bath shaker for 24 hours at 35°C.

(U) Data concerning the physical properties of the three lots cf
aaterial are compile.s in Talie YIV. All three had about the same pH and
specific grenity.

TASBLE XIY. (U) FHYSICAL PROPERTIES OF THREE LOTS OF

P. PSEUDOMALLZII GROWN [N BEEF EXTRACT
TH AnD TESTED AT 309C

LOT YISCOST (Y SPECIFIC SURFACE TENSION,

STXSA LK CRAVITY dyres/ca pH
A 1.07 1.09 1.017 41.7 1.6
B 1,24 1.18 1.014 48.0 7.7
C 1.006 1.021 1.015 49.1 1.7

a. Centistokes.
b. Chntipoisas.

(0) The aerosol racovery values of the fresh slurry of Lots A, B
and C of P, pseudcmallai are shown in Table (V.
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TABLE XV. (C) AEROSOL RECOVERY VALUESﬁ/ OF THREE LOTS OF
P. PSEUDOMALLEL GROWN IN BEEF EXTRACT SORBITOL BROTH

VIARLE CRil, PER CENT ARROSUL RECOVERY, min
LoT DAY COUNT puv =l v 004 0-8 0+32
1 1.23 x 1w0l0 28.6 4.3 3.4
1 1.23 x 10l0 32.7 5.4 2.9
A 2 1.28 x 1010 .- 2.0 ‘i
2 1.28 < 1010 11.5 2.1 1.4
3 9.17 x 10? 9.1 3.9 2.3
3 9.17 x 109 49.8 9.3 3.6
B : .93 x 10° 21.8 4.7 4.4
4 6.33 x 109 24.6 6.5 3.6
5 8.7 x 109 22.2 7.2 7.2
s 8.7 x 109 §.4 1.3 2.7
¢ 6 7.18 x 109 26.5 6.2 2.8
6 7.18 x 10 28.4 4.8 2.8
Averaye 25.6 5.0 3.3
Decay Rata 7.6 per cent min

a. FKS8 atomizer used. Determinations made by 30 Divisi- g,

{C) The erfect of storage at 3°C cn the aarosol stabilitics of the

thrss lots of P, pseudomallisi 1s shown in Table XVI, The ¢loud decay rates
wera similar f3r EII tThree lots of naterial after two and four weeks' stor-
agn. However, the aversge sourca strength (per cent recovery) at Qed
nirutes for the thres stored lots, (excluding Lot B ar the two-week tast
veriod), sas roughly one-half that of the fresh cultures. This effect of
holdiny broth cultures at 5°C on the aerosol recovery of the agent needd

further investigation.
3. (C) Comparison of Aeronsols froa Two Disseminators

(C) The same three lots of P. pseudosizllei were used in a coopera-
tive study (with Technical Evaiaation Division) of the FKS and the C
genarator. Tru source strangth of the aerojol variss with the dissem-nating
device nused. The acrosols produced by tie { gerorator were adout five times
loewer in sourca strength than theie from t.e FK8 (Tadble XVII). Also, ‘he

CONFIDENTIAL




CONFIDENTIAL »

TASLE XV1. (£) AEROSOL STABILITY OF THREE LTS OF P. PSEUDOMALLEL W IN
BE¥® EXTRACT SORBITO! BROTH AND STORED FOR SZVERAL WE}XS"HM?D

Lot A Lot 3 wr ¢
AZROSOL, 2XCOVERY ALROSOL RECOVEXY % ALX0S0L RrCOVRRY, %
X . mx Wia. m W&,
ofT 048 0420 042 O¥18 O 042 0418 04N
140 YPXXS
2554 3.0 1.7 1.0 %4 1.0 1.3 0.3 2870 6.7 0.8 0.3
2859 8.2 1,3 0.7 2945 .2 1.1 13 231 2.5 9.3 0.2
2550 10.8 1.7 1.0 264 11.9 1.8 0.5 1312 3.2 0.8 0.t
2541 8.4 1,1 0.8 2547 12.1 1.0 0.3 237 9.2 1.0 0.9
252 11.8 (.2 0.9 2548 23,8 3.0 1.8 2574 9.4 2.4 0.3
253 12.1 1.2 0.9 %69 %.17 2.1 1.2 2578 15,4 1.4 0.7
Avarige 10.1 1.4 0.9 2%.% 1.7 9.9 8.8 0,7 0.3
Secay Rate 8.5%/ain 11.3%/a1a 10.2% s1a
Yiadle Cell
Count,nl .28 2 109 8.57 x 107 8.1 1 0°
7OUR ATEXS
2819 9.8 1.0 0.3 2638 3.4 0.8 O.s 260 7,4 0.4 0.3
242 18.5 1.5 0.4 2628 2.1 0.9 0.4 2832 134 0.4 0.3
211 1.3 1,0 0.3 2627 13.2 (.8 O.4 2833 33 1.8 2.8
%2 4.4 0.7 0.2 2628 22.4 1.4 0.8 2834 8.3 2.0 .t
2823 1.8 1.3 0. 2829 7.4 2.1 1.5 2638 40 2.1 1.3
2624 11.3 1,1 0.8 2630 10.3 2.0 1.2 2638 9.7 1.8 1.1
Aversge 182 L1 0.4 1.0 1.4 9.8 8.4 1.4 0.8
Decay Yate 12.7%/a1n 9.4% atn 8.4¢. 212
Yisble Cell . 3
Comt mi .08 x 10° s.8% x 10 8.97 x 1
EIGHT wEANS
2409 3) 0.4 0.2 2691 L.t 0.8 3.8 2097 17 0.7 03
506 .8 0.2 0.3 2422 L) 08 3 2698 2,7 0.8 0.4
2687 s.2 0.3 0.2 2633 .4 1.7 A 2699 37 1.5 0.8
1 2653 £.0 €3 0.3 2634 5.8 2.3 1.4 2700 71 1.3 1.0
2683 36 0.7 0.3 2635 7.0 2.3 1) 2701 3.1 1.2 0.3
%% 3.8 0.6 0.2 2636 3,7 3,3 T 2702 .4 1.2 11
s Aversge 43 0.4 03 $.4 1A 1.1 4.3 10 0.8
Decay Rate 4.5%/a1n 6,8%/aip 6.0% m1a
Y:aplo Cail 9
1 Coumt 'l 6.2 = 1a? 5.4 ¢ 108 7.3 %0

a. Datarmsiaations sade Dy 53 Divisvoa.
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source strengths of Lo*s A and B disseminated by the C generator werw
significantly higher at tha P».G5 leval. [t was concludad that ths lower
source strangth of Lot C disseminated by the C generator was a result of
the day rather than of the lot, because data derived from dissemination
of simulant on tne same day also were significantly lower than that for
the other two days of testing. Because rusults with Serratia aarcescens
gave the oxpected high recovery values when the C generator was used, it
was con¢ludad also that the ganerator exerted a deleterious effect on the
pathogen; this effect was not evident with the FK8 device.

TABLE XVIl., (C) MEAN SOURCE STRENGTHS AND DECAY RATES OF
P, PSEUDOMALLEL GROWN [N BEEF EXTRACT SORBITOL BROTH
AND DISSEMINATED BY TWO METHODS

AEROSOL RECOVERY, PER CENT CECAY RATE
LOT 0 # 4 a:mn, Per cent/ain.
FK8 C Generatord FX8 C Generator
A 24.3 8.0 3.48 5.07
B 35.4 7.1 2.91 J.10
C 25.9 6.8 1.48 3.53

a. Determinations by MR and AE Branch, Techaical Evalua-
tion Division.

(C) Ths results obtainad by using the C generztor indicate that the
source strengths of the three lots of P. pssudozmallsi after 24 hours' stor-
ags at 4°C wars significantly lower than those ol ths {resaly produced
agent (Tabls XVIII). This confirms the previous finding that storage of
broth suspension of this organisn at 4°C sadversely affects asrosol stadil-
ity, Additional data on these agent device trials are ccntained in the
Technical Evaluation Division Report of Test 537-A-803.£2

(C) A comparison of the aerosol properties and respiratory infac-
tivity of rough and smooth straiis of P. pseudemallei grown in beef =xtract
sorbitol meldium and in cagein acid digest mediunm was determined by Tachnical
Evaluation Division. Both smo. *h and roughstrains grown 1n the bdeef sorbi-
‘ol medium exhibited significan.ly higher source strensths than when culti-
vated 1n the CiD medium. The amooth strain cultured in beef sordbitol showed
higher source streagths and lower decay ~ates tnan thre rough strain grown
in the same med:iunm.
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TABLE XVIII. (C) MEAN SOURCE STRFMGTHS AND DECAY RATES
OF P. PSEUDOMALLEI GROWN IN BEEF SORBITOL BROTH
- AND STORED FOR 24 HOURS AT 4°C

RECOVERY, PER CENT DECAY RATE
TIME OF 0 # 4 min, %/ain.
TRIALS Lots fLots
A B c A B c
Day
1 5.00 4.5 2.03 5.66 2.62 2,53
2 2.40 1.85 1.08 4.48 3,60 4.50

{C) The respiratory LDgy for guinea pigs and haasters of the various
strains cultured in the two media could not be estimated because a high rate
of xill was experienced with both species of animals. Hewever, the rough
strain grown in CAD produced 100 per cent mortality with fewsr organiams
than the smooth or rough strain cultured in deef sorbitol. The exparizental
procedurs and tast 9ntlils ars given in Technical Evaluatlion Division Report
of Tost 58-A-956.30

F. (C) DRYING STUDIES

(C) In initial studies coiducted with P, pseudomallai in SO Division,
virulence decreased during the drying process. Several suspending fluids
vers studied for their ability to enhance stability and to rstalan viru-
lence of the . yent through the lyophilization process, but none of those
tried were superior to distillsd water. The cultures for thess early
studies were produced in 15-liter amounts of beefl extract glycarol or
sorbitol broth in the {ive-gallon carboy sparger. Cells from ths cul-
tures were centrifuged in a Sharples Supercentrifugs. The "aud® recovered
usually had a count of 10*+ viable cells per zram, although some lots
yielded as =much as 1012 viable cells per gram. The cell concentrats was
then resuspended in an equal volume of a suspeading fluid, placad in dry-
ing trays, frozen at -80°C, and lyophilized in the freeze-dryer. ?ried
products obtained frem this rrocedure frequently had a count of 1011
viatle colls per gram. Grinding of the dry product in a Tanner Spin
M1ll reducsd the viable count by 30 to 80 per cent.

1. (0) Hacharisa of Virulence Loss
{G) Recent drying studies were dirscted toward elucidating the
mechanism of virulsnca loss occurring in tne lyophilization process.
The results obtained from four replicate expsariments irdicate that the

reduction was caused by a temporary physiological change and not by a
genetic alteration.
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(0) The experimsats wers dusigned to tast two hypotheses, (a) If
the reduction in virulsice during drying was caused by a genetic change,
the drisd product would contain a large proportion of avirulent cells.
Hence, broth cultures started with inocula which had undergone the drying
process wcild shov no increase in virulence (assuving the avirulent mutants
remaining 1n the dried product are sxpable of ayltiplying as rapidly as the
virulent cells). (b) If the loss in vuruienca.Suring drying wers caused by
a physiological change, e.g., damage to or the destruction of a particular
enzyme system, then the dried cells would be adble to repair the damage dur-
ing multiplication and thus regain their original virulent state. The latter
hypothesis appears to be the correct one. The folloving experimen! supports
this conclusion.

(C) A loopful of growth from an agar slant culturs of P. pseudo-
sallei was placed in 20 al cf beef oxtract sorbitol broth. Ths culture was
Tncubated with aeration for 24 hours at I™C. Eight 300-al Erlerzsyer
flasks containing 20 ml of broth each wers inoculated with 0.2 al of cell
suspension from the alcve culturs. These eight {lasks were incubated on

a 37°C water-dath shaker for 24 hours. The growth from four flasks (80 ml)
was combined and aixed with 80 ag of ingredients of a modified Naylor's
preparation (9.10 per cent ridoflavin; 45.45 par cent thioursa; and 45.45
per cant ascorbic acid). The growth {rom the remaining four cultures was
also combined. Samples of the two call suspensions vere removed for viable
counts and virulence determinations., Four-ml aliquots of the culturs con-
taining the modified Naylor's constituents were placad in 10-ml vacc¢ine
bottles. The plain broth culture also was dispansed in four-ml amounts
into another set of 10-ml vaccine bottlas., The material was frozen at

S0°C and lyophilized in the freeze-dryer:; tha dry products were then resus-
peadsd to original liquid volume with sterile distilled watsr. The LDsgg

of the resuspended dry aatsrial was Jeterained by injecting 1,0-ml amounts
of sarial tenfold dilutions, estizated to bracket the anticipated endpoint,
into the intraperitoneal cavity of haasters. A 0.2-al aliquot of the
material dried in the mother broth and reconstituted in distilled water
was usad to inoculate 20 a2l of beel extract sorbitol broth. Thesa flasks
wers incudated with shaking for 24 hours at 37°C and the viabla count arnd
the hanster LDgy ware determined. Rasults obtained from fiur replicate
exparinents ars shown in Tabls XIX.

(C) An axamination of the data in Tabla XIX raveals that cells
driad in the xnother broth undervent a two- to four-log drop in viability
and an increass in the hamster 1Dgy. The cultures dried in mother broth
containing modified Naylor's counstltusnts exhibit a four- to five-log
drop in viable count but still retain their origisal virulence. Cells
dried in aother L.oth regain their original virulent state on subculture
1in deef extract sorbitol broth. This indicates that the reduction in viru-
lence of the cultures dried in aother broth 13 a physiological rather than
a ganetic changa. Otherwise, ore would not expect the subculture or the
cells dried in nodified Naylor's solution to be as virulent as the liquid
cultures bdefore drying.
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2. (U) Viability and Virulence After Drying

(C) After the reduction in virulence of P. pseudomalle:i during
lycohilization was shown ito be a physiologicsl charge, the next step was
to i=vestigate various suspending fluids that could be used as drying
menstrua and would preserve the virulence as well as increase the percent-
age of cells surviving the drying process. Cells grown in beef extract
sorbitol broth, centrifuged, and suspended in a five per cent sucrose
solut:on showed no apparent loss of virulencs for hassters after lyophilti-
1atice. Racoverties averagad 10 to 30 per cent of the viadble population
(Tadble W),

(L) Ine auuition of 2.5 pur cunt saisn an1la 1o the sulluse sulatllon
increased the avarags viahle recovery aftar lyophilization to 35 per cent,
Results of preliminary expnrizents indicate that the antioxidants (thiourea
and ascorbic acid in 0.3 per cent concentration) could be added to the
sucrose skim-ajilk diiuent withcut adversely affecting virulence {Tadle XXi..

G. (C) STORAGE STABILITY OF LIQUID SUSPENSIONS OF P. PSEUDOMALLE]

(C) The storage stability of liquid preparat:ons vas ‘ested at -70,
<20, & and 25°C. Colls for the suspensions were cbtained from cultures
grown ia 15-liter amounts of beef extract glycerol broth in (ive-gallon
cartoys. The cells were sedimented by cuntrifucation and then resuspendad
to the desired concontration In the ®ollowing test diluents: {a) gelatin
salize, (b) spent BES broth plus buffer, and (c) fresh 2ES droth. One-
ailliliter saaples of the different call suspensions vars dispensed in
small polyethylsne syrettes and held at each temperature mentioned adove.
At specified intervals two or mors of these syrsttes wvere selected at ran-
doz {rom sach storags temperature to determine viable cell count and viru-
lance for haasters. Additional storage experiments wsre performed in
which 1300-al beef extract sorbitol broth cultur=s of P. pseudomallei were
growz in 20C0-al quantities for vary:ing periods The ?esEI:s of these
stud:ies are shown graphicaily in Figures 19, 20, 21, 22 and 23, F:igure 24
shows the storage stability of suspensions der:ived frem solid =adia.
Althoagh there was a steady decline 1n viadble cell counts with storage
tine, virulence for the hanster by the intraper:itocrneal route or by aerosol
inhalat:on did not decline %o any appreciable extent. Virulencs of products
stored for six weeks at 4°C and lower remained unchanged. Storags at 4 to
57C would apparently be suitable for six to nine weeks if a conceatration
of 1 x 109 viable cells per ailliliter were acceptadls. The mother bdroth
is a suitable storage amenstruum and no processing of cultures after produc-
tion 23 required. Howevar as noted previously, the aerosol stability
decr=ases with storage.
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TABLE XXI. (C) IZFFECT OF VARIAUS AMTTOXIDANT SOLUIIONS ON BLOLOGICAL
RECOVERY AND VIRULENCE OF P. PSEUDOMALLEL AFTER LYOPHILI/ZATION

MEAN BICLOGICAL HAMSTEXR
RECOVERY AFTER I?LDeq,

DRYING HENSTRLUYH
LYOPHILIZATION, % colls

$S diluentﬁ/ {control) 35,43/ 10
Thiourea 1.0% «1.0 -/

- 1.7 4SS diluent 21 1 »200

0.5% /4 SS di.uent €0.1 <10

1.0% # sucrcse, 54 4.7 10

Ascerbic  0.5% <1.0 --

acid 0.5€ ¢ thiourea 0.3%, 4 5SS diluent 48.1 10

0.5% # S5 diluent 34.8 <10

Citric 0.5% <1.0 -

scid 0.3% ¢ ascordic acid 0.5% 5 SS <1.0 --

diluant
0.%5% / thicures 0.5%, / ascotrdic <1.0 --
acid 0.3% 4 SS diluent
0.585 ¢ thiourea 0.3% ¢ 55 diluent ¢1.0 -
0.3% ¥ SS diluent «1.0 .-

a. Five per cent sucrose plus 2.5 per cent skim ailk.

b. Mean of nize independent trials; all other flgures ars ths zean of two
indspendent rials.

€. No rasults.

H. (U) THERLPY STUDIES
1. (T) In vitro Sensitivity Tests to intibistics

(%) The ia vitrc seasitivity of P. pseudomalle:, Stra.ns 8016,
1459, 1453, W3R, 1137 and 1433, to chloctetracycline, oxytetraciclxne,
tatracycline and chloramphenicol were tested by the disk methodé_/
the Szybalski or gradisnt plata technique.32/

(T) The disk methrod was used in tests in which beef extract glycerol
agar plates were inoculated with 0.1 ml of a 1:1C0 dilution of a 24-hour
beef glycerol sroth culture of each strain of P. pseudomallej; then sterile
disks izpregnated with antibiotics were placed on the plates. Zonss of
inhibition wers measured and recorded after 24 hcurs' incubation at 37°C.
The results are recorded in Table “XII.
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(U) The Szybalsk: plate tachnique was used in the following test:
20 m1 of beef glycerol agar conta:ininyg one aicrogram of antibiotic per
milliliter worae poured i1ato a sterile Petri dish, The dish was slanted
so that the agar just covered the bottom and a gradient of agar thicuness
wa3 obtaineld., After the agar hardened, the piate was placed on a flat
surface and a ssccnd layer of agar, containing 30 microjrams of antibiotic

~ milliliter, was added to the dish., The plates were put into the refrig-

¢ tor to allow diffusicn of the artibiclic that resulted in a gradient
conceniration of the tast substance which ranged from 1 to 30 microygrans
per milliliter. A loopful of a 24-nour taef glycerol broth culture of
sach of the six P. pseucdomallei strains tested was streaked on the agar
surface of plates paralial to the concentration-gradient axis. All six
strains could be screened for sensitivity to ona antibiotic on one gradient
plats. The plates warw incubaled at 37°C and the amount of ishibition of
a given antibiotic was Zetermined visually after 24 hours., The results
givan in Table WXIIl are exprassed as the approximate concentration of
antibiotic i{n micrograms per nilliliter required to inh:ibit growth.

TABLE (XILI. (¥) IN VITRO ANTIBIOTIC ¢ENSITIVITY OF SIX STRAINS
oF P. PSEUDOMALLEI

P. PSEUDOMALLEI STRAIN

ANTIBICTIC
1434 1455 1438 1437 1438 8016
Chlortetracycline 1 1 1 1 2
Tetracycline 1 S 9 11 11 11
Oxytetracycline 11 11 18 17 T 13
, Chloramphenticol 9 30 20 3 30 20

2. (T) Antidictic Therapy of Experimantal Melioidosis 1in damaters

{C) In a preliminary experiment, 2000 aicrograas of chlortetracy-
cline, oxytetracycline, or tetracycline given twice daily prolongad the
survival time of haasters infactad with 10,000 viadls crganisas of 2.

soudomalle:, Straitn SOL3, but did not prevent death. Chloramphenidol,
in the sane aexperizent, proved 1raffactive, These results suggest [hat
more frequent administration of the first three drugs aentisrad above
should help maintain a naximum antibistic concentration in the blcod and
tissuas and might 2ive =ore favoradlie results. This possidbility vas tested
in another expaerimant in which haasters infected with 1900 viable calls »f
Strain 8013 werw given 2000 micrograms of an antibrotic four fimes a J.y.
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In addition to the administration of single antibiotics, the effect of 2000
micrograms of tetracycline in combination #iih cither buman gamma globulin
or human sera was tosted on one group of infected animal,. Human gamma
globuiin and human plasma given in conjunction with oxytetracycline or
chloramphenicol have protected mice infected with various organisms.33,34/

(U) Forty-five hansters each were injected intrapsritoneally with
1900 viable cells from a 2i-hour-old beef extract sorbitol broth culturs of
P. pseudemallei, Strain 8015, whose LDsg was about one cell. Approximately
three hours later antibiotic tharapy was Initiated. One group of infected
aninals recsived ona milli':iter (2000 micrograms) of antibiotic by the suh-
cutaneous route every six hours; a second lot of five anisals receive five
micrograms of human gamma globulin (Poliomyelitis I[mauns Clobulin, Lederle
Laboratories) pluse 2000 amicrograms of tetracycline every 12 hours. A third
group of infected animals received 0.1 ml of human sera plus 207 micrograsms
of tetracycline svery 12 hours. The controls consisted of infected animals
given no treatment, {nfocted aninmals receiving five milligrams of human
gamma globulin every 12 hours, and uninfected animals inrjected witn anti-
biotic every six hours, Therapy was administored ts surviving animals over
a period of four days,

() The results of the above expariment, recorded in Table XXIV
show that chlortetracyclins, cvaytetracycline, and totracycline given in
2000-microgram “4osas avery six hours prolonged the survival time of the
infected animals. Chloramphenicol and neomycin sulfate had no effect.
Human sera plus tetracyclire gave littla or no protection to the infected
aninals at the dasaye lavel used.

(T) In s repeat cf the above axperiment, two additional combina-
tions, tetracycline plus either ethylenediaaine tetracetic acid (EDTA) or
cortisons acetate, were also assayed for their protective values, A group
of haasters inoculated with 1100 viable colls (about 1400 LDgp's) of P,

sudoma&llei were treated with antibiotics alone or in combination with
various compounds {Table XV). The therapeutic agents were admin:stered
to the animals svery six hours for 7y days. The aninals that died after
the fourth day of trestment were autopsied and various tissues were col-
lected for histopathological and bacteriolog:ical studies.

{C) Chlortetracycline administered alons or in cembinytion with
human gamma globdulin or human plasma prolonged the survival time of infected
anizals until therapy was Jiscontinued {Table XXV). The P. pseudomallei
organisams isclated froam the tissues of infected animals tTeated with cnlor-
tetracycline were as sensitive to this druyg as the original stock culture,
indicating that the organisms did not hecome chlortetracycline-resistant
in vivo. At autopsy all infected aninals dying after the {ourth day had
grossly visible lesions of various organs including lungs, liver, kidney,
heart, testes and spleen. The liver and spleen were nost extensively
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involved tn the 1nfectious process, 'ficrescopically, the multiple lesions
of varicus sizes wern characteristic of =elinidosis. Gileqsa-stained sec-
tions of the les.ons revealed numercus hac:ili within thoem,

1sm from sultiplytag in the an:aal body as long as a certain leval of th
ant.biotic 1y 1antatned in the bYlood ant ti1ssues, However, whon the chlor-
tetracycline concentration beyins to !rup, tRe bacteria nroba ly beagin to
aultiply and x:1ll the host. Thus, 1t wul: srem that the norat defensive
mechanisns of the haaster are not capable of lestroying the bacterial cells
while *hey are undur the tnhibitive effects of the antibiotics.

(") Vvprar nily chlortotracyciine s capable of preventing the orjan-

(U) Tho use of EDTA and cortisonas iz conjunction with tetracycl ne
in this eerimnnt had no apparcnt protect:ve effect.

3. (U) Treat=ent of Expuriaental {elio:losis 1a Guinet Pigs
P R

(L) In two oxperiments with guinea pigs, chiortetracycline, letra~
cycling and oxytetracycline prolonged tne survival tixne of an:imals infected
with larye Jdoses (10,300 to 15,000 viable cells) ot P, psoudonaliet, Chloram-
phenicol was ineffective (Table XXVI). -

(C) A group of guinea pigs were i1n:ected intraperitonsally with
10,300 viable colls of P. pseudomallsi, Straiz 8015, Ant:ibiotic therapy
was initiated nine hours afier tne aninals wvere infected. Infectad guinea
pigs, with the exception of a control group, were givan 3000 ai.rograms of
an antibiotic every six hours for Sy days followed by 3000 micrograms of
an antidiotic given twice daily for five dars. CUninfected guinea pigs
(antibiotic controls) rece:wed the same amcu=t of antidiotics as the 1afectad
animals. The an:inals that tied were autops:ed and tissues collected for
histoloygical and btacteriological examinaticz=. This experiment was repeat-d
on a yroup of gu.nea pigy injectud intraperitonsally with 15,000 organisas
per ariaal. [he wnfected guirnea pigs were given 3J0CO microygrams of an anti-
blotic every six hours for 8+ days followed Sy 3000 micrograss given twice
darly for an add:itional ei1ght days.

(C) The resuits odbtatned from these two exgerizents suggest that
*he gu.nsa pig responis to therapeutic treataent with the tetracyclines
sors readily than the haaster, probably becauce of its greatsr degree of
natural reaistance,

{T) The aicroscooic study of tissues cf treatad and untreated
imals “1d not demonstrnte a significant 1:Tfarance azong grecurs. The
extant of tissue involvezment in the infect:izas procass varied ¢ 3ideradly
frca animal to an:imal irraspective of the trsatment. As noted  eviously,
in certain animals ths patnological process 2:d not appear to ) .ave heen
sufficiently extens.ve to cause death, axcep? perhaps on the bdasis of a

toxantia.

CONFIDENTIAL




75

*Kdwaauy Purimp
TGOTIvTIWRIuOS-cROLd Lq PPIJISFUT ewwdoq L1quqoad Loy -Jo{rvwopmoed -7 yiia UOF1I9JUT JO BIQIPIAI PIROYS S{veluw pwaq]  “p
"FAT(vWopnasd -5 yIiR BOI1S0jUL JOo SUA[S Nu PIROYT [WWIUY Pweg 9
‘ejInees oy °q
“(1 3vawtsedrz) ol sajoT s81tv elwp SAIOA)} PINUTIUOISTP Swa Adwioyl v

[ % ¢ ] 4 4 M [ 20 ¢ 9 1013903
-l x4 /ot € € n 0 et 1oo1urydevsoryy
x- /= 3 € € [ EA atohovayeifxg
ot - € € [ 4 € (4} Zol eUT{sAIvIYDY
9t ~ < [ £ € 0 X eTTToARI30110TY)
l.ﬂﬂhﬂgu
wed 7 1 9 At o nro'st 71 1077 dsudwesory)
AH /- [ 14 A 41 600°G1 i U (24791103 Kx()
%4 ¢ 3 u Tt 000’1 EAR nut1ohonsye]
Tl. 44 S ) A ¢ 2t 000°S1 et sura{nsieriory)
N 11 LIRTRRAXS
A
(@] 58 1 z : s 9 00501 ¢ to43us)
-
A S - € € € € € o} 801 2t1301qrIvY
J‘ Yove oy TOI1110)
Nom
& ] 0 0 S 9 cos ‘ot 01 17otuaydweaary)
1€ z S 9 9 9 00501 gol o 13hovryartxg
C sz 1 2 S 9 ] 005 ‘0t L ledd LG AL 2T 1
Tz X ¢ 9 9 9 005 ‘0t ot o 12Aoer193307Y)
T LaANITIaR
e oy 9t vz n JAN) i, LU 1383
‘STYRINY A0 shvq ‘c@ivinl coy TYATARNS L39M01T 1Y
. $0S AGA ¥KIL ONTATARDS S%14 14 'aALIINI QXATISINIHTY 0ma J10141LHY
TYAIARDS vaxIn 40 x3ewnN L abili.] ) 1Y MO 40 LOKY IYL0]

SOITIOTEIANY HLINM
SOTd VININO N1 SISOQIOITIK “IVIKIHTRALXT 40 INAKLVIAL 40 104443 (9) °IAXX d14vl

CONFIDENTIAL

— "pi—




-r

7 CONFIDENTIAL

VI, (€) DISCLSSTON AND CONCLUSTONS

(C} The fiadings of Miller and coworkers, Canadian G4 research persvanel,
the Naval Bioluyical lLaboratories, and the BY 1abs support ‘he concluision
that both Actinciacillus maliel and Pscudomonas psoudomallai pesssss zany of
the qualities desired for BW purposes.

¥

{C) The histories of natural infections caused by the glanders and
melioldosis organisme indicate that each has a marked hiological effactive-
ness against man. Availadle epidemiological data suggest, howsver, that
the former is more infuctive than the latter. In clinically recognized
cases nelioidosis appesrs to bs more acute and more rapidly {atal than
glanders. The high soctality ratey recordad .n both dissases offer strong
supporting evidence for classifyinyg these bactoria 2s lothal agenti, Tre
repcried soverity of natural i1nfections and tho experimental dats shoving
offoct.ve doses in animals by oral and otrer routes of administration 1,di-
cate a formtdadie casualty potential for thuse diseass agents in bislogical
warfara. Furthermorr, there is no recomnized immunization against atther
glanders or meliotdosis.

(C) Actinobacillus mallel 1s charactcrized by (a) case of production
and quantitation, (b} high infactivity, and (¢ a high fatal.ty rate in
o - rimental animals. The two shortcomings of tnis bacteriwm from s
Rintogical Warfars standpeiat are a gradual or abrupt loss of virulence
and poor stability of stored auspensions. Basic rescarch on ths {:netic
aspects of virulence ssems warranted becavss of 1%s hiitory of high infaec-
tivity among laboratory perscanel,

(C) The data reported on Pseudomonas pseudomaller suygast thar it has
suitable propecties as a BW agent. (he organ:sm can b3 growm and tha con-
centration can be determinad in a few days witiout complex facilitiey or
media. Storage and aerosol stabilitiss compa=. favscrably with those of
most vegetative bacteria. Liquid suspsnsions of most of the strains
studied maintained virulonce in tests with the haaster and guinsi pig.
Additional research would be necessary to develecp informatiocn ¢n iwe
important questions: (a) How susceptibla is tha average purson %o infac-
tion with ¥. pseudomallai® (b} What is the relationship, if any, betwoen
virulence for susceptibls ladoratory rodents and for =an®
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